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-■‘-y SUMMARY OF SlfflilJ’ICANT RESULTS 


No comprehensive review of ctnrent research dealing with land 
use surveys Involving orbital remote sensing techniques has been published 
since Nunally (1974) considered investigations tip to 1972. The review treats 
techniques of preprocessing, interpretation, classification and ground truth 
sampling. It has shown up the need for a low-cost, low-level technology, 
viable, operational Biethodology to replace the emphasis given in the U.S.A. 
to machine processing, which many developing countries cannot afford, under- 
stand nor implement. Such a proposed methodology will be given in the final 
contractors report, to be submitted to NASA in October 1976. 

(All references in this paper can be found in the bibliography of the final 
contractor's report) 


RECEIVED BY 
NASA STI FACILITY 


DATE: 

DCAF NO. 0IZiiII!S!ZIE] 


PROCESSED BY 
□^ASA STI FACILITY f 
n ESA - SDS □ AIAA 


(E76-10U91) A METHODOLOGY FOR SMALL SCALE 
RURAL LAND USE MAPPING IN SEMI-ARID 
DEVELOPING COUNTRIES USING ORBITAL IMAGERY. 
PART 3; REVIEW OF LAND USE SURVEYS USING 
ORBITAL (Fairey Surveys Ltd., Maidenhead 


N76-31635 

He ilk 00 

Unclas 

G3/43 00491 



3. RgVIEW OF LAND USE SURVEYS USING ORBITAL IMAGERY /V uiS./}. 

3.1 IMTRODUCTION 

As far as can be ascertained, no cooprehenslve review of current 
research dealing with land use surveys Involving orbital remote sensing 
techniques has been published since Nunnally (1974) considered Investigation 
up to and Including 1972. His article included details of resei>j''‘.h that 
only Involved preliminary assessment of Lendsat data. Therefore. It Is 
apparent that this type of review Is presently necessary In order to bring 
together the main "threads" of world-wide research but It Is beyond the 
scope of this present study to detail all of the wide-ranging applications 
that have emerged during the last three years. The major consideration 
will Involve the utilization of Imagery obtained from orbital multi- spectral 
scanners In small scale rural land use surveys In developing countries. 
However, in order to avoid the confusion that often occurs In current 
terminology It Is necessary to Indicate the precise meaning of land use 
surveys in the context of this research. 

3.1.1. SMALL SCALE FURAL LANDUSfi SURVEYS 

The term "small scale rural land use survey" refers to the grouping 
of the spatial distribution of land use into distinct categories at a 
particular time. Due to the small scale (i.e. 1:200.000 or smaller), urbam 
areas may be distinguished but are usually not examined In depth. The majvr 
emphasis is placed on the uses to which man assigns various parts of the 
rural areas. The overall aim is not 00 produce a detailed description of 
all the items that give a certain region its particular character or try to 
offer a detailed explanation of the factors affecting the spatial distribution 
of land use both within and between different parts of the region* 

Generalised land use categories are determined rather than a complete enumera- 
tion which normally involves the detailed, eollectlon and description of land- 
use characteristics In terms of type and areal extent. Thus, the final 
small scale rural land use map Is a generalised cartographic representation 
of the ways in which man has utilised the surface of the earth at e 
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particular tine and these uses have been Influenced by the Interaction of 
environmental! technological* economic* social and political factors but 
no attempt la made to explain the extant of this Interaction* 

The level of accuracy of Interpretation of land uaa from orbital 
liaagery la a function of the type and quality of imagery* scale* spatial 
resolution* time of acquisition and the Interpreter's knowledge of the 
area* These* In turn* affect the conqilexlty of the land use classification 
system that can be used and. In fact* affect the whole nature and approach 
of the survey* The dominant purpose behind the production of small scale 
rural land use maps is to produce rapid cartographic descriptions of larga 
parts of the Earth's surface* These maps may be used for a variety of 
purposes such as the Initial reconnaissance of an area that has been poorly 
mapped or* In other areas* as a record of the land use characteristics of 
the region at a particular time* Consequently* there Is a marked difference 
between the small scale land use surveying techniques used In this study 
and those used In other types of land use surveys e*g* land use Inventories* 
integrated land systems surveys and landscape studies* 

3*1.2* RITUAL LAND T^SR TNVENTOPISS 

The ma1or aim of rural land use inventories is to carry out a complete 
enumeration of all the land within a particular region. They provide 
detailed Information about the type* acreage and distribution of land use 
that is essential for efficient regional planning and management but they 
are time-consuming and expensive to produce* Originally, data were collected 
by census interviews or field mapping as well as information obtained from 
various statistical agencies* mall questionnaires* and specific san^le surveys* 
Later* vertical aerial photograohs were added to the data sources and 
permitted the rapid location and quantification of cextaln land use 
characteristics (Coppock* 1^63; Luney and 0111* 1970). Unfortunately* the 
current level of automatic interprets': ion and the relatively poor spatial 
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resolutlon and lubsaquent saall-scala mapping llmitatlona of orbital 
DBiltl*apoctral acanning Imagary cannot provide tho detailed Information 
required for land uae Inventory aurveys* Thla la particularly obvloua 
with LAND SAT 1 and 2 data where apatlal reaolutlon la approximately 80 
metrea and the identification and claaaiflcatlon of rural land uae can only 
be eatabllahed under relatively broad categoriea with large flelda and not 
Individual small fields or small holdings* However^ orbital Imagery can 
provide valuable assistance In the form of rapid synoptic coverage of 
large regions which cannot be achieved by conventional vertical aerial 
photography* Many attempts have been made to develop computer assisted 
automatic land inventory systems using orbital Imagery with varying levels 
of success* Roberts (1975) reports that considerable improvement In both 
data acquisition and processing will be necessary before orbital MSS data 
can be used operationally* The following references provide a general 
cross-section of the nature of this type of Investigationi* 

Allen (1973), Blzzell et al (1975)( Bankston (1?73)» Chase et al 
(1974)» Carlson et al (1974), Draeger and Benson (1972), Hall et al (1974), 
Harsllck and Shanmugam (1974) Hoffer (1975), Horton and Heilman (1973), E 
Johnson and Coleman (1973), Jones, C* (1974), Kriegler et al (1972), 
Lundallus et al (197'^), Hooneyhan (1973), Mower (1972), Owen-lonas (1975), 
Ratti and Capozza (1974), Richardson et al (1974), Roberts (1975), Savlgear 
(1975), Shelton (1974), Simonett (1974), Sweet and Pincura (1974), Thomson 
(1973), Tunnetti and Montser (1974)* 

3*1.3* INTEGRATSD LAND SYSTEMS SURVEYS 

An integrated land systems method was developed by the Australian 
C*S*I*R*0* Division of Land Research in ordar to carry out preliminary 
surveys of land resources in iU, Northern Territory, N*U* Queensland, the 
northern part of WesSSen Australia dndPPapua (Young, 1973)* Details about 
the concepts of these surveys have bean well-documented by Haantjens (1965) 
and Christian and Stewart (1968). According to Blake and Paljuns (1973) 
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• "land syataio" was Initially defined as an area or group of areas throughout 
which there waa a recurring pattern of topography^ aoila and vegetation* 

But I aa the vertical aerial photographa became readily available they 
became the major information source for the recognition and delineation of 
the land systems* "The recurrence of a number of (land) units within a 
land system In a regular pattern gives rise to a distinctive pattern on 
the aerial photograph" (Christian and Stewart* 1^68), The surveys have been 
accomplished by a team usually consietlng of a geomorphologlst* plant 
ecologist and pedologist who delineated preliminary land systems on the 
basis of air photo Interpretation which was followed by field checking* 

After the field check* the data from the team members was Integrated and 
descriptions of the systems and their sub> systems (or land units) together 
with an assessment of their capabilities and resources were published* 

The C.S.I.P..O* integrated land systems approach due to its rapidity 
and con^aratlvely low cost has been adapted and used in a number of countries 
and the British Directorate of Overseas Surveys Land Resources Divisions 
use essentially the same method for planning agricultural development in 
extensive* unsurveyed regions (Mitchell, 1973)* Similar methods of landscape 
evaluation have been developed in U.S*S*R* and Canada since World War II 
but use different terminology. 

A later adaptation of the C.S.I.P.O. method has been tlie landform 
type method used in East Papua which places more eiuphasls on landforms and 
rock types which are mapped by the geomorphologist mostly independently 
from the plant ecologist* The same survey team structure is maintained as 
well as the basic techniques using aerial photography and field data (Blake 
and Paijmans* 1773)* h'right (1772) also maintains that goemorpho logy can 
provide the necessary class! tory framcn/ork wlilch will permit the team 
specialists to co-ordinate and extrapolate their f inding and he has 
presented a detailed acco«int outlining the principles and probleius involved 
in devising the framework* 



Criticisms of Che land systems approach have Included the connents 
that the technique of mapping patterns from aerial photographs Is too 
subjective as It mainly depends on the available field data and the bias 
of the individual members of the survey team. Also the systems and sub- 
systems defined by the survey team are not classifications In the strict 
sense and do not rely on prescribed objective procedures for the grouping 
of categories. This aspect, the critics claim, affects the reliability 
of comparing land systems In one area with those In another area if they 
have been determined by different survey teams. Another crltlslsm of 
this approach has been levelled at the concentration on the description 
of the physical environment compared to the brief evaluation sections 
which contain no economic analysis. Furthermore, Young (1^7?) reports 
that the technique has been condemned by Davidson (1765), also on economic 
grounds, because he believed that the teams were collecting information 
which was useless as an investment guile and, therefore, a waste of 
government money. Young also discusses an argument that ecology should 
replai'e gsomorphology as tlie basis for resource assessment so that the 
effects of development on the ecosystem cotild be predicted. But he agrees 
that, altho»jgh there Is merit In this approach, the development of a 
versatile survey procedure based on an ecological method has not yet 
eventuated. Dlmllerly, Kogers (1771) stressed the need for an ecological 
approach to resource surveys hut did not offer any advice on how It could 
be implemented. 

At tlie present time, it appears that orbital imagery has not been used 
to any extent in integrated land system or landform type surveys. Howard 
(1)7A) has stated that ''the potential contribution 6t satellite imagery to 
Integrated surveys In developing coiintries is only beginning to be appreciated 
He claims tliat the major problem has been due largely to the resolution and 
small scale of the orbit il Imagery and the difficulty of Identification and 
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h« has proposed a list of hierarchical land-units that could be 
Incorporated In integrated surveys using orbital Imagery* 

The problem of Identifying land units has been considered by van 
Generen (1972| 1973) who suggested that meaningful boundary delimitations 
can be made on orbital imagery using various image enhancer-ent techniques* 

Those have bee; incorporated into an experimental procedure involving the 
analysis of imagery using conventional visual photo- interpretation methods 
and tested in the Murcia region of S*E. Spain* 

3*1*4* 

Overall, the integrated land systems surveys hnve nlayeJ on important 
role in rapidly providing descriptions of. underdeveloped regions. But, 
the criticisms about whicli dlscioline s!;ould be emphasised e.g. georaor ohology, 
ecology, economic and the subjective nature of the descrintion of land 
systems do not directly affect the nature of the delineation of botmdaries 
in small scale rural land use surveys being considered in this investigation. 
The ma1or concern is to identify and classify the various ways in which 
the surface of the land is being utilise! at a particul/.r time rather than 'il.- i 
a complete enumeration or lescriotion the region, ilo^ever, it is 
interesting to note that Mertandnr (1^7'") has rooorte! tli; t the C^^ETS 
(Central Atlantic T’ogional Ecological Test Site) invest igators of the 
Geograpliic ApoI irat ions ^ngnn, ’f.S. Geological Survey hnve set up a basic 
hynothesls of interdlsclpl inary regloiiol amlvsls in which land use at 
least In a highly developcl region, Is an indicator or resultant surface 
expression of several interacting environmental processes. Also they claim 
that of all the environmental an! socio econoralc ’'rocessos ^.diich contribute 
to the surface patterns, land use is the one witli lata sets most accessible 
to Ivindsat sensors. On tills basin, the CAhiTS investigators ^ el I r«ve that 
remote sensor derived data nets and land use should bacone the Jnta 

entry ^nto a regional Information svstem ♦’o serve regional olannern and 
land managers"* They also believe that tlie dividing of lJ\NOSAT data into 
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iub-B«ts or photomorphic regions may provide a vary economical sampling 
strategy for selecting sites for more detailed measurements If many other 
environmental variables orove to be correlated with the similarity of 
patterns on LATTDSAT Imagery. 

The over-riding problem in small scale land use surveys based on 
orbital imagery aopenrs to be the lack of a detailed methodology which 
outlines the most satisfactory techniques that could be used In '-*re 
processing, interpretation, classification and the ostablisliraent of ground 
tmjth and would be aonroprlate for u*e by countries whicli do not possess 
sophisticated epul^mient. Consequently, it seems tlint the most logical 
approach in reviewing the existing "state of the art" vrould be to consider, 
in a general sense, a cross section of investigations and applications 
that have been used in various studies around tlie world. 

'’.2. R’^. yiET-r OF !^Eh::V,\!-rr TPHTB? states RESEATCH 

•’.2.1. H TronttCTION 

Snnll scale land use surveys utilising MSS Lanlsat imagery has been 
un<lertaVen in many parts of t!ie wprl'. using a i/ide variety of techniques. 

T’'P ma ipr Ity pP tl'es^ survevs ’.ive be.en carried out in tlie United States 
or by ’United States orgatilsatl ons on behalf pf foreign government or 
organisations. Hot;ever, the situation in the Unite! States is not typical 
of tliP rest of the ^rorld, exchiHiig Uorth ”estern Ztiropo. T-!ost countries 
have not had the advantages of extensive an! up to late background information 
In t!ie form of tonogradilc mans, agricultural statistics services, existing 
land use maps and readily accessible aerial photogrnpliy. Also, tliere !ias 
been very active concern in tlie ^’nltel States, during tlie last decade or 
so, witli the wide ranging effects of no; illation pressure on tlte environment, 
including the encronclunent of urlian exp 'nslon on r’jral areas, the intrusion 
of recreation pursuits on relatively untouched regions as well as the many 
forms of er:vironmental pollution. (Anderson & Marly (1)71, Bale and Bo\«len 
(177:), Place (U7'’). 
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TMa concern over the future of the envlevmnent hai led to the 
introduction of legislation nt State and local government levels which 
has either directly or indirectly> instigated a aeries of land use surveysi 
(Braun et al> 1)73; Nunnally, D7A; Carlson et ali 1)7A). Furthemore* 
since 1770, n number of legislative proposals at Federal government level 
have been introduced including "The Land Use Policy and Planning Assistance 
Act of 1)7''" which aimed to develop and iirqilemont a natural land use 
policy, in nssoclntion with State and local bodies, which would incoroorate 
environmental, aesthetic, economic, social and other fnetorda The Act was 
not passed in the Mouse of reTrosentatives but It acted as a catalyst which 
activated a host of Investigations thougliout the country by Federal, State 
and local government organisations as well as many tertiary institutions 
(Llndgren and Simpson, 1)7'*; Shelton and Hardy, 1)74). 

Some of the main oroblems foreseen In tlie lmnlement"’tt on of the nevr 
Federal ^ct T?ere the recor ling of the Ian 1 use charntterlstlcs so that 
future planning could onerate from a suitable base and the develo-iment of 
a method wlilch coull rapidly monit >r land tise changes. With the launching 
of F^Tf? 1 (LAJDSAT) in duly 1)72 a vast ano^int of environmental information 
became available every Iti days and tliis led to a wide variety of interpretation, 
classification and nap nahing investigations. ILinv of t!ieso were essentially 
con*ni ter based inventory tec!mi'"'u;3 w'tlch have been dlscussei briefly in 
Section x>7liere a broad range of ■’rt Icier, on Joscrl itlons and criticisms 
have been listed. Hovrever, most of these investigations have not reached 
the operational stage. 

'>,2.2. GERETAL 

A number of stU'iies Iwivo invest If^ated tiin extent to whlcli conventional 
Image Interpretation and connuter based analysis teclmlquns coijl 1 l.'e applied 
to LAI’’)SAT data In order to detect, classify and meas«ire the extent of land 
use over large areas ('lornbacli and McKaln, 1)74; Brown et al, I)?"*, 'dilns, 
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197.*'.) But, ns nontl'Jned prftvtously, on»» of f.lio nlns of tJjls r#so.«rch Is 

to consldor unrompHcntod rmd Inp'monslvn todmlfues thnt may tiiCorporataJ 

Into ft methodolopy that co»ilil be used l.i cotintrles which lack soohlstlcntftd 

eoulnmftnt «nd highly trained staff* Therefore, the following discussion 

will concnntrnte on presenting n general outline of n number of relevant 

United States research prolect wh.lch have utilised lANHSA,? dnta to produce 

small scale ruial land use maos* However as stated *nrller, many of the 

f 

nrocedurpB adonted In most of these studies cannot he milled In other 
countries because the H,s. researchers have hal the advantage of extensive 
backgrourd material and In some cases, specinl high anl/or low altitude 
sub orbital ohotograaliy was fli>\<m to colrcl !e with the nceulsltlon of the 
orbltnl Imagery, ^n attempt wl’l he made to outline the level and direction 
of the urc-orocessin , lnt»Tprntnt ion, c lassif ication and ground truth 
procedures adopted. 

One series of investigntions in the Central Coastal Hep, ion of 
California !>y Estes, Tharoen anl Senger, Geography ’'e'lote Sensing TTnlt, 
Hnlversltv of California, Santa Barbara before anl after I.\M')SAT Imagmy 
became available -ins sho'/n hovr sv;all scale orbltnl and aircraft Imagery 
co*ild be used to Investigate *nd monitor regional lanl use chan.gcs. 

(Estes and Seng.er, 1^72). In Inter studios, the iialor emplmsis was placed 
on thr establishmont of a detailed data base of the region and n classlfl 
cation svstoi' was devised for tlie oreanrntion of lard use mens using hlgli 
altitule colour ahotograpliy and seh: tive groun I reconnai 33nnc6e(Estes, 1 >701, 
This h.aclcgrotin 1 nnterlnl ’./ns then used to evaluate tlie Information content 
o^ I/JIB'IAT Inogery with regard to land use Jnapnlng and It was found that 
the c Inssl f ication system required modi ^Icat ion. In addition, they found 
that titc spatial reaolulioit of thu iiuigory placed limitations on tho amount 
of detail tliat they could idautifv* Tho sioaliest area classified was 
?.^A1 se. km. v;hlch represente 1 aoprorimatel v 0,0?!^ S'., cm. on the Image 


at a aeala of lil,000y000* But they claimed that the rcaolutlon restric- 
tions could ba off-set to a large extent by the synoptic o^er\^ew pro/ldad 


by each Landaat frame. 

In a recent reporti Cstaa, iS' oi aa n and Sanger (197^) outlined the 
procedure that they adopted In their analyaxs of Landsat data and provided 
some guidelines that could be Incorporated In the development of a 
detailed methodology for the production of small scale land use maps 
en^iloylng unsophisticated techniques* Those suggestions were derived after 
Investigations were carried out using NASA 9^'* y 9V’ ( 1 1 1»000,000) black 
and idilte transparencies of at least two spectral bands (usually S and 7) and 
lOX enlargements of selected portions of the Landsat Images which were 
optically enhanced by magnifiers and stereoscopes. They believe that, after 
the preparation of a suitable classification scheme and the establishment 
of an adequate data base, the following stages should be followed! - 
" (1) an initial phase during ’hich the image interpreters 

familiarise themselves with the unique scales, resolu- 
tion, contrast and tonal and textural characteristics 
of Landsat Imagery 

(11) preliminary Interpretation of the Imagery for represen- 
tative test sites to determine the Interpretabll Ity and 
classification related InConaitlon content of the 
Landsat imagery 

(ill) evaluation and -aodlfizatlon of classification schemes 
basef^ on the preliminary studies 
(iv) completion of data base maps for the entire California 

test site 

(v) the apptlcaclon of Landsat data to ancillary problems 
with particular focus on Interfacing with and trying to 
encourage resource management agencies and other user 
groups to attempt to utilise Landsat type data on an 
operational basis." 

They concluded that Landsat data could be a valuable source of environmental 
resource informetlon but the comparatively poor spatial resolution creates 
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problemt vhm a wide- rang* of en^ronmcntal phenosnena ara located in small 
area** But* as they enphaslsed in pra>rlou8 reportSf cha synoptic o\/arvlaw 
and the rclati/a ease of repetitive monitoring and up-dating offer compen- 
sating advantages* 

The Gaographlc Applications Prograik of the U*S* Oaological Survey 
(QEO GAP) has initiated a aeries of investigations involving Lw idsat 
imagery. One study has considered the Phoenix quadrangle* Arizona .''nd* 
initially* the project was designed "to maUe effective use of prat experience 
in making land use maps and collecting land use infonsation" and to inves- 
tigate ways in which sm.il 1 scale orbital and aircraft imagery could be 
utilired (Anderson and Place* W?l)* The first specific objective was to 
oiake a small scale land use otap (li 230*000) using Apollo 9 and aircraft 
imagery using at laast eight major categories and several sub-categories 
which could be identified and mapped. The second major objective was to 
develop d "geographically oriented dat>> bank of land use information" that 
could eventually be digitised and the computer would "print out on all 
land use loaps* land use information in tabular form and to make several 
different klnvls of analyses of land use". 

The Phoenix quadrangle was chosen for a number of reasons including 
the fact that considerable recent analytic research had been carried out by 
the U..S. Geological Turkey and a large amount of current imagery was 
available. Also, the clear skies and low I tltude ensured th t .additional 
Imagery from future lamncd .ind un-m-mned s.tullltcs should be ivill’.ole. 

During the Initial Investigations* luagery was m>iinlv obtainad using 
conventional aerial Ctiraeros with a •varl'*tv of film-filter combinations *'*it 
considerable emphasis wa.i placed on colour Infra-red photography. In order 
to verify Che interpretations of the aerial photography* ground inloruatlon 
was collected by field tenras. Occasionally low-flying aircraft -'ere fitted 
with "metric c.amoras with long focal lengchs" to collect phoLographlc 'i.urples 
oC ground conditions which could serve as cliucks in the interpretation of 

the "lower re- Uutlon satellite-type photographs". 
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Pr^ ibly th« grcAtMt lntar«it crtatad by th« Inltla Phomix 

quadraofl* study has baaa its association with attac^ts to construct a 
% 

varsatlla clasilflcstlon schanc that could ba usad In preparing small seals 
land ttsa aap» from orbital loagary* The resaarchars agraad that, although 
It was vary unllkaly that one Ideal classification wf land use would ever 
ba devalopad or accepted, there was a definite need for a standardised 
approach* So, prior to the final construction of thalr classification 
they listed certain criteria that should be attained vlr 

"1* A olninua level of accuracy of about 35% to 90% or better 
should ba approachsd In the Interpretation of the Imagary 
being used* 

7* A well-balanced reliability of Intarpretatlon for the 
several categories Included In the classification scherae 
should be attained* 

Repeatable or repetitive results should ba obtainable from 
one Interpreter to another and from one time of sensing 
to another* 

4* The classification shceme should be useable or adaptable 
for use over <m i;xtenslve area* 

5* The categorisation used in the classification scheme should 
permit vegetative and other ;:o/cr types to be .'elated to 
acti'/lty«orlented categories vdienaver possible* 

i)* The classification scheme should be suitable for use with 
Imagery taken at different times during the year* 

7* Tha clasalfication schene ahould permit effective use of 
sub-catego.. ies that can be obtained from ground surveys or 
from the use of imagary available at a larger scale or with 
tha use of colour photography. 

3 * A need to collapse the categories of the class! Flcatlon scheme 

Into a smaller number of c£t»gorlaa must ba racognlsad* 
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points in tin* md with <Ut« that will bo colloetsd in tho 
fotora should dofinitoly bo posslblo. 




10* Tho classification sohsae should recogniso tho nultiple-usa 


aspbcts of land uaa whonovar possibla*** 


Detailed explanations of these criteria .hae been report^ in a separate 


ar»rlcle (Anderson, 1971)» - f • 

’ ' i-' 

A land use classification scheoo for the MiOenix area was thm 
eatabliahed and it was evaluated against the suggested criteria and* althon^ 
sooe criteria could not be satisfied inaedlately» the overall scheme worked 


satisfactorily* The researchers concluded that land use maps^ '*o£ reasonable 


accuracy and quality" could be compiled at a scale of lt250(000 from orbital 

. i 

t * j 

Imagery and that "agreement on a framework or scheme of land use classiflca- 
tlon for use vlth orbital Imagery will be necessa^ for effective use of 

3 

land use data", this desire for a satisfactory scheme was virtually fulfilled 
tdien a Land Use Classification System for use with Remote-Sensor Data was 
presented in U.S. Geological Survey Circular 671 (Anderson, Hardy and Roach, 

1972). The system was designed so that it could be used with remote sensing 

1 

Imagery v/lth minimal reliance on supplonentary information at tv.'O generalised 
levels of categorisation (ie. Level 1 ana Level 2) (see Tables and ). 


Also, a modified list of criteria t-diich the system should meet based on those 




previously proposed by Al exa nder and Place was Included in the Circular. 

cW,i ^ w i JS. **'-». r-» >1 V wi w ( ') 

Later investigations in the Phoenix quadrangle were primarily designed 


-V.r.a 


to test and verify the validity of the land use classification system 
proposed in U.S.G.S. Circular 671 as well as analysing the applic iblllty of 
L^.ndsat imagery for detecting land use changes and up-dating maps (Place, 


1974). Landsat 1 9" x >" li 1,000,000 transparencies were interpreted using 

.2 


a range of techniques including the use of colour composites and an I 5^ 
colour additive viewer to create a nui6ber of specific colour conq>osltes 

using selected spectral bands at different time periods. After testing many 
teck';.ques the researchers claimed that the beat method of distinguishing 
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'liid ittv^eiMlii m». by Hiking kiitnaal conptriiMif ^ ^ 

jj^ilCM using bsndi 4» 5 and 7. ..• ' ^v."^ ' - 

I Another study initiated by the Qeograi^ic Applieetien' Progrm of the 

-i‘ m . i ‘ ' 

0. S« CeologiMl Survey has been reported by Alei^der (1973a) eho deacribed 
{ \ i } ! ^ 

Idii use of Landsat colour con^osite iisages in a prelininary study of lai^ 

use classification and land use change In the Central Atlantic Regional ^ 

fcologlcal Test Site (CARETS)* Significant land use ehangea were Identiflid 

using conventional visual intwpretatlon techniques and enlargements of the 

colour conposites in association dltli lilOOfOOO maps produced fron 1970 high 

' 3»V 

altitude photography* These results were achieved after the interpreter 
familiarised himself v;lth the principal visual signatures of the various 
land use types as they appeared on the enlarged Landsat imagery* Land use . 

' V 

i 

classification v'as base! on the U*S* Geological Survey Land Use Classification 
System (U*S*G*S* Circular 671) and the Interpreter attecpted to classify 

0<riX/ 

the >>. -.sting land use to second level of accuracy* ie* Level 2* Attempts 
were then made "to verify whether charges had actually occurred and Aether 
the correct interpretations of that change had been made" by utilising the 
1972 Landsat underflight (U>2) photography of the area* The researchers con- 

I 

sldered that the results of the land use change analysis was highly promising 
even without employing more sophisticated spectral signature techniques that 
was possible with the Landsat multi -spectral data* They also claimed thit 
the high proportion of Level 1 and 2 land use was detected and identified 
correctly* 


In another associated investigation Le<i4eet imagery of the CARETS 
region was examined at a variety scales ranging from contact prints of 70 mm 
film cir^s supplied by N*A*S*A* (scale It 3* 3^0*000) to enlargements uo to 
It 100*000 (Anderson* 1973b)* One procedure that was found to be useful for 
a regional overview was the production of an ttncontrolled mosaic from enlarged 
prints of band 5 'f 3t 1)1,000*000* A ?onal map based on visible tones 

aad^textures on the ^as constructed .end the patterns were compared with 


TABLE I A LAND USB CLASSlriCATtOI SYSTEM FOE USE WITH EEMOTE 
SENSOR DATA (U«S. Qtologlcal Survey Clreuler 671| 

^ V , Department of the Interlor> 

Prepared hyt J«R* Aadereon* B«B« Hardpt Roach 


Level 1 

la t^ban end Bullt-XQ* tend 

‘ . .T • I - 


2a Agricultural Land 


3* Rangeland 


Level 2 

1. Eeeldentlal 
2a Conmerolal Servleae 
3a Indiaatrial 
Aa Extractive 

5a Traneportatlont Coaounlcatlonai 
and UtllltlAe 
6a Institutional 

7a Strip and Clustered Settlement 
8a Mixed 

9a Open and Other 

la Cropland and Pasture 
2a Orchards* Orovaa* Bush Fruits* 
Vineyards* and Horticultural 
Areas 

3a Feeding Operations 
Aa Other 

1. Grass 

2a Savannas (Palmetto Priarlaa) 

3a Chaparral 
A* Desert Shrub 


4a Forest Land 


5a Water 


6a Unforested Wetland 


1* Deciduous 

2. Evergreen (Coniferous and Other) 
3a Mixed 

la Streams and Watervays 
2« Lakes 
3a Reservoirs 
A. Bays and Estuaries 
5a Other 

la Vegetated 

2a Bare 


7a Barren Land 


la Salt Flats 
2a Beaches 

3a Sand other than Beaches 
Aa Bare Exposed Rock 
5a Other 


da Tundra 

9a Permanent Snow and Ice Fields 


TAiu I mtuatmt mnm imtioiit ra a uio m 

aASSiriCATIGN SYSTEM FOR TTSB WITH REMOTE SEMSOR DATA 
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^ 1 ■* . 


i -- 

Ldval 2 .* ’ 

!• Urban and Bullt«u|> Land 

i 

1 ■ j- 

1« Raaidantlal 
2 « Qaanareial and Searvieaa 

(Inctudlng Inatltutlonal) 

3t Induatrial . 

, 4. Extractive ( exoludli^ atrip 

mining, quarries, and gravel 
pita, ate,) 

5* Transportation, Gonnunications, 
and Utilities 

6 * Mixed (including strip and 
clustered settlement) 

7* Op^ end Other 

2* Agricultural Land 

1. Cropland and Pasture , 

2. Orchards, Groves, Vinapards and 

Ornamental Horticultural Axeaa ; 

3. Confined Feeding Operations | 

4. Other ' [ 

3* For art land 

1» Deciduous 

2* Evergreen (eeniferaus and athmrs)^, 
3* Mixed 

4* Wetland 

1« Forested 
2. Non-forested 

5* Rangeland 

1« Herbaceous Range 

2. Shrub-Brushland Range 

3. Mixed 

6 * Water 

1* Streams 
2* Lakes 

3. Reservoirs 

4. Bays and Estuaries 

5. Other 

7* Tundra 

(Proposed level»2 categories are 
currently under study in Alaska and 
will be reported separately) 

81 Permanent Snow, Icefield, 
and OLaciera 

(Proposed level-2 categories are 
currently under study in Alaska and 
will be reported separately) 

9, Barren Land 

1* Salt Flats 

2« Benches (including mudflats) 

3* Sandy Areas other than Beaches 
4. Bare Exposed Rock 
3. Strip mines, quarries, and 
gravel pits 

6 . Transitional Areas 

7. Other 


(from Third !^RTS *^yn^o5ltm, F.A,*?,A,, 197A, pp* 31-32) 


-15- 


•xlstlng small scale naps of the region representing rellefi lend surfeoe 
fomaf geology • soils* vegetatloni forest types and lend uae* Ae isentioned 
previously* It was found that the zones located on the LANDSAT mosaic noat 
closely resaeibled t a patterns on the existing small scale land use map* 

This discovery supported the hypothesis of the CARETS Invaatlgators that 
remote sensor derived data sets on lend use and land use change should beeome 
the basis for a regional Information system which could serve the needs of 
regional planners and land managers. 

Many other studies have been Independently initiated throughout 
the United States and land use maps with various scales and/or classlflce* 
tlon systems have eventuated# In Nebraska, a 7 colour li 1,000,000 scale. 
Level 1 general land use map was produced during the sismer of 1973 for the 
State Office of Planning to assist In the preparation of recooinendatlons 
for land use planning regul tions (Carlson et al, 1974)# A larger scale 
ltC>2,300 Level 2 supplementary land use map was also produced In a pilot 
study using aerial photographs# It is interesting to note that no reported 
attenpt was made to utilise handsaw, Imagery at Level 2 classification# The 
major purpose of the small scale map was "to be a tool for orientation and 
for visual ing>act of both the land use data and remote sensing applications. 
This was achieved by considering ~ ta n d gat imagery at It 250, 000 scale and then 

i*' N..O ».*i « 

reduc^dftto It 1,000, 000# The major interpretation technique involved the 
use of colour additive viewer with various filter and spectral band combina- 
tions In order to enhance certain categories# No details of ground truth 
procedure used in the production of the shliII scale wap were provided but 
the authors stated that after field checking the map was found to be 907# 
accurate# 

Brotm et al (073), University of Iflnnesota, in cooperation with 
regional. State and Federal agencies associated with land manageiaont 
responsibilities, examined tandsat 1 imagery to datermlne Its suitability 
for satisfying some of the land use data needs in their state# They 
developed land u e class definitions that could be operationally maployed 
’vlthln tha overall framework of the existing Minnesota Land Management 



System. They distinguished four broad areas of land use In their test site 
and did not consider the guidelines provided by U*S*G«S« Circular No. u71. 
However, before they made their final detailed classification they consulted 
local and State land and resource management authorities regarding their 
InforiSatlon needs. Overall, they found that the potential of the handset 
Imagery as a basis for mapping land use Information was beyond their 
expectations and that, by uslna high quality Imagery at appropriate seasons 
of the year, their unsophisticated techniques yielded much more detailed 
land use detail than existed at that time. This they claimed was achieved 
in their state which was already regarded as a leader In the field of land 
management. The main interpretation procedures in./olvcd the use of 70 nm 
positive transparencies :diich v/ere projected individually or combined In a 
Mlni-Addcol viewer. The colour combined schemes were photographed and 
projected for interpretation at scales ranging from li250,000 to 1:30,000. 
Later experimental analyses Included an imige analyser v;hlch provided 
density slices from 1:1,000,000 positive and negative transparencies. The 
authors stated that ground truth procedures v;cre carried out to support 
choir in/ostigatlons and that they were based on field investigations and 
a variety of aerial photographs but did not elaborate. 

r.v 7 cet ct nl (1^7') ho /e used LANDSAT I ' nd “^kylab Imagery in association 
xdth con/antional and luulti-spectrul underflight photography ..nd radio metric 
ground observations in experimental studies using a wide range of interpreta- 
tloii techniques. A wide r'nge of interpretation equipment has been 
available including a multi-spectral viewer >nd density slicing colour 
vle'.ver with built-in electronic plan^meter. I.ANTSAT 1 MSS data was 
rocelvod periodic lly In 70 ntn, 2A cn •: ""A era imagery and digitised tape 
fornuts. After this in /esclgatlon, tiicy concluded that N.A.S.A. satellites 
could provide the data necessary for coioprehensi ve and routine inventorying 
and mapping of Ohio' mtural nd cultural features at scales of 1:?A,000 
and smaller at less cost and with better accuracy than with previous 
techniques. They have used the U.S. Geologlc.il Survey Circular No. o71 
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Land Use GlasslElcatlon as the basts for their land use surveys. 

aesearchers at University of California, Riverside also found that 
-Lendsat 1 imagery has great potential for monitoring land use change as 
well as a data source for future regional planning In the Northern 
Coachella Valley, California (Bale and Bowden, 1973). Their research 
was activated by the concern of Federal and State agencies \dio wanted 
to monitor the effects df the recreational pursuits of people from the 
heavily populated coastal plain on the sensitive arid environment. 
ba n dba t 1 imagery was used as the primary data source and high altitude 
photography was obtained froiD U-2 and RB-57 flights to assist in Inter- 
pretation and field v;ork. Land use classification was based on previous 
conventional surveys. Mjst of the mapping was acconqillshed using 
enlarged positives or projected slides taken from images previously 
projected onto the screen of an additive viewer using bands 4, 5 and 7» 

Two different format? of Landsat 1 imagery were used in the viewer to 
produce false colour t'^.ges. Selected portions of 7A x 74 cm 1:1,000,000 
positive transparencies and con^)lete 70 inm 1:3,360,000 positive transparencies 
were used with various filters. The use of the enlarged selected portions 
of the larger sccale transparencies allovrcd vlcr.Tlng on the vies.’ plate at 
approximately 1:150,000 but provided less resolution than the 70 ram trans- 
parencies. Further enlargements up to 1 :j 2,500 for the actual nu;pping 
processes was achieved by producing positi /e enlargements or by projecting 
slides of portions of the reconstructed l;iuge on the colour viev;or view 
plate. The researchers claim that "resolution usually extended to oO 
acre sections" (approx. 3.3 hectares) but '-as Setter where interne 
spectnl signatures were associ. ted with .•.pcciClc uses. Ground truth procedures 
were carried out to verify the type and amount of land use change and it 
was found that there were only tvro cases wJiere the l"‘nd use had been mls- 
int-'rpreted but overdi the location of bound irics could not be determined 
accurately. Several factors that influenced the quality and resolution 
of land use inforra.^ .ion obtained during the in /estl nation were listed, -virr 
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the scale of the final map, the availability of secondary data sources, 
the expertise of the Interpreter and how well he knows the area* 

In addition to the general trend of complimentary remarks about the 
ability of Landaat imagery to provide valuable data for the preparation of 
satisfactory bases for regional planning, groups of researchers have 
emphasised how the imagery can permit the rapid production of small scale 
land use maps. For example, Llndgren and Slntpr.on (1973) produced «an 
11-category map of ilhode Island In 3 man-days but they did not discuss 
the operational procedures. However, they claim that the map. displayed 
considerable accuracy when con^xired with imips compiled from high altitude 
aircraft lioagory. \lso, ia the previously mentioned In /estlgation by 

V'' 

Lstos, f l io ma n and Senger (177'0 tl^ey reported that they produced an 
8-category land ui e map of the Central Coastal Region of California In 
7 man-days (an area of S'*, 813 sq. km). 

3.?. 3. LO'J COST AMD UHSOrillCrXS. TCP lECimiQUi^^ 

It Is apparent that fe\-^ research projects hr/e been undertaken In 
the United States specifically to ln7C3tig;te unsophisticated md inexpensive 
land uie mapping techniques. One interesting Investigation by Hardy, 
fjkalcy and Phillips (137';) of Cornell Uni /crslty v-as carried out to develop 
a low cost, laanu .l techniques that could be used to enli mce L'ulD.S/Vr 1 
inugery and to prcp.-rc 1 1 "in suitable forrrit Cor use by users with • Ide 
and varied Interest-- related to land use and natural resources Informitlon". 
Chey 'sserted that "experience has shorn that the more sophisticated the 
method of processing resource information, the smaller Is the number of 
potential users of that Information". They bcll->ve thrt this situation It 
mainly due to the fact th it .uost local ofCicl Is associated with resource 
management decisions "do not feel at ease with, or trust, inform. tlon 
prepared In a manner rhey rhemsclvcs c ;nnor. accomplish or duplicate". 
rheroCarc, they h'’/e ilr icted their in ' 's“ir>at- tons towards lo” cost, 
manual interpretation techniques incorporating photographic processes. 
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Durlng the Initial stages the researchers experimented with films and 
filters to pro\d.de a more balanced density range of the 70 mm Landsat 
film'«irtps« This permitted the imagery to be enlarged to scales of 
ti 190,000 or larger with better spatial resolution* Positlvre transparencies 
carefully prepared from the negati/es were then run through the Jlnro 
process and any of the spectral bands could be produced in cyan 
magenta or yellow* >/hen band ^4 (yellow), band 5 (magenta) and band 7 
(cyan) were printed and .superimposed they produced high quality false 
colour Images* Enlargement of the false colour images to scales as large 
as 1: ,000 were made and the recorders cl. ira that inf orma;:ion for land 

use classification could still be interpreted. 

ether e>:perirannts have been carried out by Hardy, Skalcy and Phillips 
and they assert that "although work needs to be continued on the developmanC 
of a prediction model of the possible coinbl nation a colour and what they 
relate to, we have Ijcen ble to identify ny 1 ind use information by 
i'".o’ ;tlng it in a colour o£ unique contrast vli.h its surrounding areas"* 
Furthermore, they claim tluit the prepared in. gcry has high resolution 
crp-bllitios and boundaries between contr colours .and hues .ire 

sharp* They olso maintain that this imager/ c n be used Cor the direct 
transfer of data at sccalcs of 1«?50,000 (trlth map units of approx. *’5 
hectai-es) to 1: •.90,900 or larger and "Ith projection techniques and 
Inc'pensl/e equipment it c..n pro/iJe c-lLaiit results it I:'*', 00.9 or 
larger* Also, tlicy ha^e suggested .i simple procedure for data e:;;racLton, 

'/I - . 

"1. Prepare ' bate map at the do'-ired xnle wltli a few 

geographic references sucli as lakus and stream"* 

1 '.#. . 

Trace regions of '.stte-hue lden*’l*^led as homogenous 
spectral c.ito^ory onto chj o /or I ay. 

. ionstruct a spectral map iroiu different composite^ to 

*^lll in t' ' desired information 'or the ... pped irea. 

C 

I. hiL.ilc Lw. 'Jaiy^ersal ir -.i^vcr .j .icrf.iLor coordiu tes 

and record on .appropriate forms fir computer stor.agc .and 


retrieval. 
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The q^ensviHg of this procedure was verified by conparlson v^lth low altltiuSt 
photographs, existing land use surveys and field checking and results have 
shown "a high degree of correlation, usually close to or over 90%"i, The 
researchers have found this technique very useful for up dating previous 
Inventories, analysis of seasonal change, coinpllatlor. of new maps eg* forestry 
and agriculture, the isolation of one specific land types or land use and 
that It has been used by planning agencies and number of state agencies* 

The clalraed advantages of the system are its low cost, high accuracy levels 
wide selection of operational scales, the material Is readily understood 
and that It does not require expensive nnd sophisticated equipment* They 
maintain that "the whole process can be carried out anywhere In the v;orld 
x^lth equipment costs of ^10,000 or less"* Unfortunately, the last assertion 
tends to contradict one of the main obloctlves, vlr* a low cost system because 
the researchers' perception of low cost in.iy not necessarily match the views 
of researchers In other countries* 

It appears that no recent coraprchonsl vo review of U*S* Investigations 
that have used unsophlstlc ited techniques to produce small scale rural land 
use taaps has been published* However, Joyce (1974) has presented a concise 
sumniary of some Interpretation and classification techniques using mainly 
U*S. exan^les* He states that conventional visual Interpretation of MS3 
Imagery using hues of tone, texture and pattern to define land use has been 
the most common method used and all Level I .md m.my Level "> categories 
were Identified at acceptable levels. uiacU and white lioagery of Individual 
lands and colour composites constructed laalnly from bunds 4, T) and 7 have 
been the primary data baser, and the most satisfactory results have been 
achieved by Interpreting colour coniposiltes at scales ranging from 1:1,000,000 
to 1:100,000 vd.th 1:750,000 being the luo-t coionon* He also asserts suitable 
results have been obtained using simple techniques Involving optlc.nl 
mngnlf"ln 3 Instrument-} and standard 1:1,000,000 colour composites or by 
direct visual Interpretation of the enlarged colour composite* The hkjsc 

KFrf RODUCBITT.ITY’ OK * ' • 
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coomon smallest unit area that has been consistently Identified and measured 
has been ^>0 acres (lo0|000 m ) whilst some researchers have claimed to hava 
achieved 10 acres (AO, 000 m )• A higher degree of classification has been 
obtained using additive viewers and other more refined enhancement techniques 
but Joyce point out that they are time consuming and require special equip- 
ment and skilled operators. In addition, he maintains that the increase in 
the number of Level 1 categories that can be identified and the lnq)rovement 
in the level of accuracy does not warrant the marked Increase in cost and 
time. He also uses this argument for most Level categories but he does 
concede chat the colour enhancement techniques can be very beneficial in 
extracting specialised information not generally required at Level He 
believes chat there are advantages and disadvantages associated with both 
the visual interpretation and computer based classification systems and 
that some balanced combination of the t o ' ill need to be produced in order 
to extract the maximum amount of information from Che LANHSAT data. 

Peterson (1975) has produced a short article designed to assist 
geographers interested in land use mapping .nd has suggested certain 
techniques that could be helpful. He docs not suggest any special pre- 
processing of the data other than the normal "off-the-shelf” material 
n/allable from M.A,r..A.. He also suggests that the U.T.. Geological Survey 
'Jlrculor No. >1 \ Land Use Slassiflc ition Syfitom could be used in association 
with a colour coding -.ysuem proposed bv 1’ iludan v 1971) at a scale of 
1:1,000,000. ’^C5cntl''lly the interpretation procedures are unsophisticated 
and designed for tl:e delineation ^categories at the same scale. The author 
stresses that the use of imagery from different seasons Is Important for 
accurate Interpretation. No ground trutl. techniques were presented. 

3.2. A. f>lL)i 

Overall, the United States researchers have considered a very wide 
range if techniques in the pre-procosain';, interpretation, classification 
and ground truth stages, however, most reports of their studies have only 
placed emphasis on a few of these aspects. For example, some present 
detailed accounts of their investigations into pre-processing techniques 
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(Hardy^ 1073} Hardy ot al, Dragji, 197') or Choir attoiopts Co classify 

land use (Muijally and WiCmori 19vv>; Anderson and rlacoi 1971; Andersoni 
1971 1 Anderson ot al, 197“’) « Very few rosearchers ha/o attomptod to gl/e 
extensl 'e descriptions of ground truth <md Interpretation procedures 
although accuracy levels have often boon st-iced* This may ha/e been due 
to the fact that the very ^ood supply of secondary lnformaL*.on In the form 
of existing detailed land use, and topographic loaps as well as low and high 
altitude photography could have pro’/ldod ruch assistance, '.hr, it iii.iy h.r/e 
boon Colt that those tacisniiiues lia/e boon «ilec|U.«tcly reported In other 
In/ostlgatlons. ThoroCore, It appears tlt.it no published report of any 
United States Investigation can be used to jirovldc adequate guidelines for 
tho production of stmll scale rural 1 nd Uj‘‘ ntps rram h.'vK')n.‘.T liiuigery using 
inexpensive technleucs. 

Probably tho sailor direct contrlbtttlosi o'“ the United States studios 
has been clio development of the I -nd ujsi cl .ijiClcition schesae for uiiU 
with reuiote sensor data by the U.H. Geologic il luevav ( .\ndcr .son, 1971} Ander- 
son and Place, 1971; Anderson et .-1, 1 'nderson, 197';) which attempted to 
St indardl «• 3 land u'io imppisaj’ throughout tl.c U, It so sns that thl.s nlii has 

been acliteved to a l .rge CAtent as manv ot th : recent reports have tended 
to adopt It. Hov;evce, this may have bean duo to expcndloncy on the p.irt of 

r».u 

tho r'scarchars and tJicy^Ti •. z' merol" .ido;io! 1“ Cor con ’.•ni one a’ 'pood, 
Also, it loay ha /e been c ju.snd by tho f i^L vi.it the rose rcher vor'vivl Cor 
or m.iy have been sponsored bv .an org.inls itlon that hid aero ted tin r.cho.mi!* 
fouic! rene irchcrs, iio ii.. <•'. be.’.n r .jtri ■ :t by i .>ch'';r'i th t 

had bmm establlslied boLore the Goolo;ic.il ‘.mvey -lasaitlcaLlon waa 

Introduced. 

In :Miucr;il, U. re- *rchor h.iv v..;pb '. ,i >-cd tliut the synoptic a '^r- 
vlew and the rapidity .jt chit.* colIecLiou h ’c given h/«4l):.Ar K'..l Imauer/ 
distinct .advantages In small scale land nso '.turilos by "'ro'/ldlng >' ii.*r..llsed 

r. /oil .t:; .isiiistla , in rh 

v.» 
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